In dorsal root ganglia and periphcral nervc of the rat and other species, nuclcosidc phosphatasc and unspecific cholinesterase reaction products are found in the plasma membranes and spaccs betwccn them at two sites: (1) Schwann cell-axon interfaces and mesaxons of unmyelinated fibers, and (2) sheath ccll-perikaryon interfaces and interfaccs bctween adjacent shcath cells. Acctylcholincsterasc reaction product is found in the perikaryon (within the cndoplasmic rcticulum) and thc axon (axoplasmic surface). Nuclcosidc phosphatase reaction product is also found in thc numcrous vacuolcs at the surface of perineurium ceils, ganglion sheath cells, and cclls surrounding some ganglion blood vesscls. Nuclcoside phosphatase activities in the sections fail to respond, in thc manner described for "transport ATPase," to diisopropylphosphofluoridatc, sodium and potassium ions, and ouabain. Nucleoside diphosphates arc hydrolyzed more slowly than triphosphatcs in unmyclinated fibers, and are not hydrolyzcd at the pcrikaryon surface. Nucleoside monophosphates are cither not hydrolyzed or hydrolyzed very slowly. In contrast to these localizations, which arc believed to demonstrate sites of enzyme activity, it is considered likely that diffusion artifacts account for the nucleoside phosphatase rcaction product frequcndy found along the outer surfaces of myclinated fibers and within vacuoles at the Schwann cell surfaces of thcse fibers. The diffuse reaction product seen in basement membranes of ganglion and nervc may also be artifact.
micrographs, for distinguishing diffusion artifacts from valid enzyme localizations.
M A T E R I A L S A N D M E T H O D S
Sprague-Dawley rats, oi either sex, were used in all experiments. Also studied were several mice (CF1, C57 black, and A J a x ) ; two rabbits (white albino) ; two cats ; two frogs (Rana pibiens ) ; and one toad (Bufo marinus).
Fixation of rat tissues was by perfusion, which preserved structure more satisfactorily than immersion fixation. For light microscopy, both 4 % formaldeh y d e -l % calcium chloride (1) (4°C, 10 rain perfusion, followed by overnight immersion) and 3% glutaraldehyde-0.1 ra cacodylate buffer (38) (4°C, 10 rain Derfusion, followed by 20 rain immersion) were used. For electron microscopy, glutaraldehyde perfusion was used, except where its inhibition of enzyme activity was excessive, as indicated in the next section.
The effect of fixation upon the localization and intensity of staining for nucleoside phosphatase and cholinesterase was also tested with 10-# frozen sections cut from unfixed tissue in the Lab-Tek (Ames Co., Inc., Elkhart, Indiana) cryostat. These were incubated unfixed and following 15 rain fixation in cold formaldehyde-calcium.
Nucleoside phosphatase activity was tested by incubation in the medium of ~¢Vachstein and Meisel (45) , using manganese instead of magnesium ions as activator, with the following substrates: the triphosphates, diphosphates, and monophosphates of adenosine, guanosine, uridine, eytidine, and inosine; and thiamine pyrophosphate (26) . The effects of diisopropylphosphofluoridate (DIPF) (1 X 10 -4 M), sodium (1 X 10 -I M) and potassium ions (3 X 10 -2 M), and ouabain (2 X 10 -4 M) were tested in the adenosine triphosphate (ATP) medium, and also in two ATP media reported to permit demonstration of ion and ouabain sensitivity of enzyme activity (5, 18) .
Unspecific cholinesterase and acetylcholinesterase activities were shown by the method of Karno~sky and Roots (16) and Karnovsky (15) , using butyrylthiocholine iodide and aeetylthiocholine iodide as substrates, respectively. The effects of two inhibitors upon their activities were also studied (by light microscopy only): 1 X 10 -s M to 5 X 10 -5 M R020683 (Hoffman-LaRoehe, Nutley~ New Jersey), an inhibitor of unspecific cholinesterase, and 2 X 10 .5 M to 5 X 10 -4 M BW62C47 (Burroughs-Wellcome, Tuckahoe, New York), an inhibitor of acetylcholinesterase.
For demonstrating sites of enzyme reaction products at the electron microscope level, 40-/z frozen sections of glutaraldehyde-perfused tissues were prepared on the Sartorius microtome. Localizations of cholinesterase activities in spinal ganglia were also studied in sections (probably 50 to 100 # thick) of unfrozen glutaraldehyde-fixed tissue prepared with the Smith and Farquhar "chopper" (40) . Following incubation for appropriate periods (monitored by light microscopy) in media to which 5~0 sucrose was added, tissues were rinsed in 7.5~ sucrose, postfixed in osmium tetroxide buffered with veronal-acetate and containing sucrose (4) , dehydrated in alcohols, and embedded in Araldite (10) . Thin sections were cut in the Porter-Blum microtome, and examined unstained or stained by uranyl acetate (46) followed by lead citrate (35) for phosphatases, and unstained or stained with uranyl acetate for cholinesterases, in the RCA EMU-3B or Siemens Elmiskop I.
R E S U L T S

Effects of Fixation
T h e distributions of reaction products, at the light microscope level, are the same whether cryostat sections are incubated unfixed or following formaldehyde-calcium fixation. No structure is stained in unfixed tissue that is not also stained in the fixed tissue. T h e level of activity, as judged by intensity of "staining," is essentially the same in fixed and unfixed sections in the case of unspecific cholinesterase and acetylcholinesterase activities, and is higher in fixed tissue in the case of nucleoside phosphatase activities. T h e increased intensity can probably be attributed to better survival of cell structure during incubation and a reduction in enzyme loss to the medium. A dramatic instance of the influence of structural integrity upon staining intensity is seen with neurons of frog dorsal root ganglia, fixed by immersion. T h e cytoplasmic staining for acetylcholinesterase activity is m u c h more intense following glutaraldehyde than formaldehyde fixation (Figs. 23 and 24 ). This may also be the reason why the staining for nucleoside phosphatase activity in rat unmyelinated fibers is somewhat darker following glutaraldehyde than formaldehyde fixation (perfusion). A similar finding at the electron microscope level is the marked improvement in localization of cholinesterase reaction product when chopper sections of ganglia are used rather than frozen sections. Structural preservation is considerably better in the chopper sections of ganglia.
Increased "staining" intensity resulting from fixation has previously been reported for a variety of enzymes:oxidative enzymes (27, 29) , nucleoside diphosphatase and thiamine pyrophosphatase (28) , esterases (12, 7), glucose-6-phosphatasc (12) , and sulfatase (11) .
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Glutaraldehyde fixation virtually abolishes nucleoside phosphatase activity in the perineurium cells and ganglion sheath cells in mammals (negative after 45 min incubation at 37°C). As previously reported for blood capillaries of other tissues (12) , glutaraldehyde strongly inhibits nucleoside phosphatase activity in capillaries of ganglia and sciatic nerve.
Nueleoside Phosphatase Activity in the Rat
Following formaldehyde or glutaraldehyde fixation, unmyelinated fibers in dorsal root ganglia and sciatic nerve stain rapidly when incubated with any of the nucleoside triphosphates tested, even near 0°C (Figs. 1, 7) . Prolonged incubation at 37°C (Fig. 2) , even to the point at which the preparation is no longer useful for the unmyelinated fibers, fails to stain the myelinated fibers (see reference 24, Figs. 9 and 10).
A narrow region surrounding the perikarya of the neurons in the ganglia also stains intensely with nucleoside triphosphates (Figs. 1 and 2 ). Not all neurons are equally active in this regard.
When a nucleoside diphosphate or thiamine pyrophosphate is substituted for a triphosphate, unmyelinated fibers show activity but this activity is considerably less than with triphosphates (Figs. 4, 8) .1 No staining occurs at the perikaryon surface with diphosphates (Figs. 3, 4) , even after 30 rain at 37°C. As with triphosphates, myelinated fibers are unstained even after long incubation at 37°C.
With nucleoside monophosphates as substrate, these sites are negative after 15 to 45 rain of incubation at 37°C (Fig. 5) . Slight activity is present in isolated regions of some of the larger blood vessels and what appears to be fibrous tissue of sciatic nerve; electron microscopy is required to establish the identity of these stained cells. Prolonging the incubation to an hour or more results in the light staining of ganglion capsule and perineurium (Fig. 9) , and very light staining of unmyelinated fibers. Lysosomes and related structures of neurons are also stained with longer incubations, especially in sections of formaldehyde-fixed tissue (see reference 24, Fig.   13 ).
Blood capillaries, perineurium, and ganglion 1 A publication by Rostgaard and Barrnett (37) which appeared while this paper was in preparation reports nucleoside triphosphatase and diphosphatase activities in unmyelinated nerve fibers of rat intestine.
capsule hydrolyze nucleoside triphosphates rapidly, and diphosphates to a lesser degree. Compared to formaldehyde, glutaraldehyde yields slightly more intensely stained unmyelinated fibers. Because glutaraldehyde at the same time abolishes perineurium and capsule staining and markedly decreases blood vessel staining, the contrast between unmyelinated fibers and other structures is greater in glutaraldehyde-fixed ganglia and nerve than in formaldehyde-fixed tissue.
Pretreatment in 1 × 10 -4 M DIPF for 30 rain at room temperature (32) has no inhibitory effect on the nucleoside triphosphatase activities in ganglion and sciatic nerve. This is true whether the tissue is unfixed or fixed prior to treatment and incubation (Fig. 1) .
Tests with nucleoside phosphatase activity in sections of unfixed and fixed ganglia and sciatic nerve (also kidney and several other tissues) fail to reveal the stimulation by sodium and potassium ions and inhibition by ouabain characteristic of "transport ATPase." This is true not only in the Wachstein-Meisel method, as previously reported for several tissues (30) , but also in the two variants of this procedure recently proposed to demonstrate these responses to ions and cardiac glycoside (5, 18) . In our hands, the glycoside leads to a slightly more intense staining with the two recently proposed systems; and sodium and potassium ions produce a similar effect in one of the systems (18) . However, we consider it probable that the slight differences are due to effects upon the precipitation that occurs when the media are prepared, which is massive with one of them (5) . Alteration of either lead or substrate concentration could affect reaction product (lead phosphate) precipitation in the sections during incubation.
ELECTRON
MICROSCOPY: None of the sites that is negative by light microscopy reveals reaction product when viewed by electron microscopy. Thus, with adenosine triphosphate as substrate, much reaction product is found at the perikaryon-sheath cell interface ( Fig. 10 ), but there is none with adenosine diphosphate ( Fig. 11 ; see also reference 24, Fig. 25 ).
Incubations at ice temperature are useful for finding the first sites of reaction product deposition. In unmyelinated fibers, the initial sites are the membranes, and spaces between them, at Schwann cell-axon interfaces and mesaxons (Fig. 12) . Surrounding the perikarya, they are the mem-~YOVIKOFF ET AL. Nucleoside Phosphatase and Cholinesterase Activities branes, and spaces between them, at the sheath cell-neuron interfaces and the interfaces between adjacent sheath cells ( Fig. 12 ; see also reference 24, Fig. 22 ). Occasionally, reaction product is observed on small regions of the membranes and not in the interspaces between them.
Diffuse reaction product is seen in the basement membranes surrounding unmyelinated fibers and sheath cells (Figs. 10, 11, 14, and 15). However, firmer evidence seems desirable before it is coneluded that basement membranes possess nucleoside phosphatase activity, because: (1) the amount of product decreases in gradient fashion as the distance from the initial sites increases (Fig. 14) ; and (2) the product is either absent or virtually so when the initial sites show slight activity ( Fig. 12 ) and it becomes more marked with increasing incubation time.
A more clearly artifactual deposit of reaction product is encountered along myelinated fibers, at the outer surfaces of the Schwann ceils and in small pinocytoticlike vacuoles along these surfaces (Figs. 14 to 17). The following observations make it likely that these deposits result from diffusion of lead phosphate from sites of high activity to the Schwann cell surfaces and associated vacuoles: (1) These deposits are never seen as initial sites; whenever the deposits are seen there are always unmyelinated fibers or sheath cells nearby, with much heavier accumulations of product. (2) The incidence of deposits along myelinated fibers becomes higher as initial sites show heavier accumulations. (3) When one aspect of a myellnated fiber faces an initial site with reaction product and another aspect faces away from such a site, the remote aspect shows no reaction product while the adjacent aspect shows it. (4) Reaction product is found at the outermost surface of the myelinated fiber, and almost never within the myelin. (5) Prolonged incubations, up to twenty times those yielding the reaction product seen against myelinated fibers in the electron microscope, fail to produce reaction product inside FIGURE 1 Dorsal root ganglion, rat. Fixation: formaldehyde-calcium perfusion. Incubation: ATP medium, 0°C, l0 min. Reaction product between neuron perikarya (P) and sheath cells seen at arrows and elsewhere; "stained" blood capillaries are seen at C and elsewhere. X 470.
FIGURE ~ Dorsal root ganglion, rat. Fixation: glutaraldehyde-cacodylate perfusion. Incubation: ATP medium, 37°C, 15 rain. Intense accumulations of reaction product are present around perikarya (P) and in unmyclinated nerve fibers (U) but none is seen in myelinated fibers (M). X 870. FIGURE 3 Dorsal root ganglion, rat. Fixation: formaldehyde-calcium perfusion. Incubation: adenosine diphosphate medium, 37°C, 15 min. Blood capillaries (C) are intensely stained; unmyelinated fibers (U) are stained; but no stain is present surrounding the perikarya (arrows and elsewhere). X 500. FIGURE 4 Dorsal root ganglion, rat. Fixation: formaldehyde-calcium perfusion. Incubation: adenosine diphosphate medium, 37°C, 10 rain. Note staining of capsule (CA), blood vessels (C) and unmyelinated fibers (U). Myelinated fibers (M) are unstained. The erythrocyte (E) shows reaction product at its surface, but this may be a diffusion artifact (reference ~1; ef. reference 4~). X 890. Fig. 9 ) and unmyelinated fibers. X 400. these fibers when viewed in the light microscope (Fig. 2) . It is the inner surfaces which are the sites of activity in Schwann cells of unmyelinated fibers and in sheath cells. The presence of reaction product on the outer surface of myelinated fibers, and only when these lie adjacent to unmyelinated fibers with high activity, argues strongly against FIGURE 10 Dorsal root ganglion, rat. Incubation: ATP medium, 37°C, 8 rain. Reaction product is seen: (1) at short arrows, between perikaryon (P) and sheath cell (its nucleus is labeled Sir/); (~) between axoplasm of unmyelinated fibers ( [7) and Schwann cell (its nucleus is labeled SC); (3) at mesaxons of unmyelinated fibers (X); (4) at basement membrane (B); and (5) at the outer surface (long arrow) of myeliuated fiber (M). See text for discussion of localizations (4) and (5). X 13,500. FIGURE 11 Dorsal root ganglion, rat. Incubation: adenosine diphosphate medium, ~5°C, 45 min. Much reaction product is seen in unmyelinated fibers (U) but none is present at tile perikaryon-sheath cell interfaces (arrows). Some reaction product is present in Golgi saccules (G). X 11,000.
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ThE JOURNAL OF C~ BXOLOaY • VOLUME 29, 1966 an alternative conclusion, namely that an enzyme is, in fact, localized in the myelinated fiber, but the demonstration of its reaction product requires peculiarly high concentration of lead phosphate that arises only near initial sites with high levels of enzyme activity. Electron microscopy of the perineurium and ganglion capsule shows the nucleoside phosphatase reaction product to be restricted to the micropinocytoticlike vesicles found at the cell surfaces in large numbers (see reference 24, Figs. 27, 28) .
Specific mention should be made of some sites that show no reaction product for nucleoside phosphatase. Two of these are areas in myelinated fibers in which the myelin is differently arranged (Schmidt-Lanterman incisures) or absent (nodes of Ranvier). Were high phosphatase activity localized there, it might suggest that different transport or other mechanisms are present where access to the axoplasmic surface from the exterior is greater. Although light microscopy reveals no reaction product at these sites, even after relatively long incubations, areas below the resolving power of the instrument would go unnoticed. Therefore, both clefts and nodes were examined by electron microscopy. In no case is reaction product found at the axonal surface, either at the incisures or nodes (Figs. 18, 19) . Sometimes, slight deposits are encountered at the periphery of the Schwann cell (Figs. 18, 19 ), but these, for reasons considered when describing myelinated fibers generally, are considered to be diffusion artifacts.
Other sites without reaction product are two regions of endoplasmic reticulum, the subsurface cisternae in the perikaryon (36) , and the reticulum within the axons (Fig. 14) . Nowhere in the neuron does the endoplasmic reticulum give evidence of nucleoside phosphatase activity.
No differences are discernible between the nucleoside phosphatase activities in the regions of plasma membrane lying above the subsurface cisternae and that in the membrane generally.
Cholinesterase Activities in the Rat
LIGHT MICROSCOPY : Unspecific cholinesterase is distinguished from the acetylcholinesterase in the present experiments by the following criteria: (1) the unspecific enzyme readily hydrolyzes butyrylthiocholine iodide (Fig. 22) ; (2) its activity is unaffected by 5 × 10--4M 62C47, whereas acetylcholinesterase activity is totally inhibited at 2 × 10-sM (Fig. 21); and (3) it is inhibited by RO 20683, an inhibitor of unspecific cholinesterase activity, markedly at 1 × 10--6M and completely at 1 X 10 -5 M.
In contrast to nucleoside phosphatase activity, unspecific cholinesterase activity (also acetylcholinesterase activity) is irreversibly inhibited by pretreating frozen sections, of fixed or unfixed tissues, with 1 X 10 -4 M DIPF for 30 rain at room temperature, as in the studies of Ostrowski and Barnard (32, 33) with esterases of motor endplates and kidney.
Unspecific cholinesterase activity shows the same localizations as seen for nucleoside phosphatase activity. Thus, irrespective of whether butyrylthiocholine iodide, acetylthiocholine iodide or methoxy acetyl-~3-methyl thiocholine iodide is used as substrate, or whether the inhibitor BW 62C47 (5 X 10 -4M) is present or not, a brown deposit forms in unmyelinated fibers and in sheath cells surrounding the perikarya (Figs. 20 to 22 , 25, and 26).
Acetylcholinesterase activity is revealed in the perikaryon cytoplasm (Fig. 20) and at the axoplasmic surfaces of myelinated fibers (Figs. 25, FIaURE lO~ Dorsal root ganglion, rat. Incubation: ATP medium, 3°C, 5 min. Reaction product is seen: (1) surrounding perikarya (P), between the cell surface and enclosing sheath cells (short arrows); (~) between adjacent sheath cells (S) ; and (3) between Schwann cell and axoplasm of unmyelinated nerve fiber (U), at long arrow. Note absence of reaction product from myelinated fibers (1]/). X 6,~00. FIGURE 13 Dorsal root ganglion, rat. Incubation : ATP medium, 37°C, 8 min. The origin of the neurite from the perikaryon of the neuron is seen. In the perikaryon, the following structures are without reaction product: G, Golgi apparatus; L, lysosomes; M, mitochondria; N, nucleus; NI, Nissl material. Reaction product is present in the spaces between perikaryon and neurite and surrounding sheath cells (short arrows) and between adjacent sheath cells (long arrows). X 10,000.
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TttE JOURNAL OF CELL BIOLOGY " VOLUME ~9, 1966 26). Staining occurs when either acetylthiocholine iodide or methoxy acetyl-/3-methyl thiocholine iodide is used as substrate but not when butyrylthiocholine iodide is substituted for them (Fig.  22) . It is unaffected by 1 X 10 -~ M RO 20683 and only moderately inhibited at 1 × 10-sM and 5 × 10 -sM. It is totally inhibited by 2 X 10--SM BW 62C47 (Fig. 21) . Cholinesterase activity is seen in all perikarya, but at greatly differing levels (Figs. 20, 23) . Not all myelinated fibers show acetylcholinesterase activity at the axoplasmic surface by light microscopy; this is particularly true of the sciatic nerve in which structural preservation is less adequate than in the nerves within the spinal ganglia. However, when the sciatic nerve is crushed (22) , the myelinated fibers proximal to the crush show increased staining for acetylcholinesterase activity and now all axoplasmic surfaces show activity.
The activity in unmyelinated fibers with acetylthiocholine iodide as substrate appears due, largely or exclusively, to the unspecific cholinesterase since it is markedly or completely inhibited by 1 X 10--6M RO 20683, whereas the acetylcholinesterase of perikarya requires 10 to 50 times the concentration for only moderate inhibition.
ELECTRON MICROSCOPY: By incubating at ice temperature, diffusion of reaction product is reduced but not eliminated (Fig. 27) . As indicated earlier, localizations are sharper with chopper sections than with frozen sections.
The localizations of reaction product from unspecific cholinesterase activity corresponds to those from nucleoside phosphatase activities: the plasma membranes and spaces between them at two sites, the Schwann cell-axon interfaces and interfaces of adjacent sheath cells (Figs. 27 to 30 ). The localization of cholinesterase activity is striking under the electron microscope: at the axoplasmic surface of myelinated fibers (Figs. 29,  30) , and in the endoplasmic reticulum membranes and spaces between them (Fig. 28) . The nuclear envelope behaves like the rest of the endoplasmic reticulum in this respect (Fig. 28) .
Localizations in Other Species
The relatively limited obseiwations made on three other mammals and two amphibia (with the mono-, di-, and triphosphates of adenosine and inosine) are similar to those described for the rat. In all instances, myelinated fibers show no activity. Unmyelinated fibers and perikaryonsheath cell surfaces are strongly stained with triphosphates and diphosphates, except in the cat and frog in which the diphosphates appear not to be split. Furthermore, the reaction product with triphosphates is so limited that electron r~icroscopy would be highly desirable to establish that it is, in fact, localized in unmyelinated fibers and not, for example, in connective tissue cells. In the cat, there is strong nucleoside monophosphatase activity at the perikaryon-sheath cell surfaces (Fig. 6) ; to a lesser degree, this is true also in the rabbit.
Unspecific cholinesterase activity (butyrylthiocholine iodide and acetylthiocholine iodide as substrates; specific inhibitors not tested) is localized at the perikaryon-sheath cell interfaces and in unmyelinated fibers (Fig. 26) , while acetylcholinesterase (acetylthiocholine iodide as substrate; inhibitors untested) is present at the axoplasmic surfaces of myelinated fibers (Fig. 26 ) and in the perikaryon cytoplasm (Fig. 23) . The staining , intensity resulting from acetylcholinesterase at the ~axoplasmic surface is much stronger in the mouse (Fig. 26) , rabbit, and frog than in the rat. In the FIGURE 14 Dorsal root ganglion, rat. Incubation: ATP medium, 8°C, 5 min. Reaction product is absent from the myelinated fiber (M) except where it is adjacent to the unmyelinated fiber (U) with its reaction product. Reaction product is also present in the basement membrane adjacent to the unmyelinated fiber. The diagonal lines seen in the myelin sheath are artifacts of the engraving process. X 13,500.
FIGURE 15 Dorsal root ganglion, rat. Incubation: ATP medium, 3°C, 5 rain. The myelihated fiber (M) shows no reaction away from the unmyelinated fibers (U) with their reaction product. However, the surface facing the unmyelinated fiber shows reaction product, including the small vacuoles seen between the two arrows. Some reaction product is present in the basement membrane between unmyelinated and myelinated fibers, but not on the other side of the myelinated fiber. X 9,900.
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TttE JOURNAL OF CELL BIOLOGY • VOLUME 29, 1966 cat, unmyelinated fibers are positive when acetylthiocholine iodide is used as substrate but are negative with butyrylthiocholine iodide (up to 3 hr at 25°C). An incidental observation is the staining of the lysosomes of perikarya in amphibian spinal ganglia when nucleoside triphosphates are used as substrates at neutral pH, circumstances under which mammalian perikaryon lysosomes show no activity. This is particularly interesting since the perikaryon lysosomes of amphibians resemble those of mammals in not hydrolyzing nucleoside diphosphates under these conditions.
DISCUSSION
The striking correspondence in the localizations of unspecific cholinesterase and nucleoside phosphatase activities raises the question as to whether both are properties of the same enzyme. Such identity seems unlikely, particularly because of the differential effect of pretreating sections with DIFP before incubation: the cholinesterase activity is completely and irreversibly inhibited while the nucleoside phosphatase activity is unaffected. However, until the enzyme activities are tested in isolated, purified preparations, it is best to qualify this conclusion since, as soon to be considered in another connection, the possibility exists that the incubation medium alters the properties of the phosphatase activity.
Whether one or more enzymes are involved, there may well be functional significance in the coincidence of cholinesterase and phosphatase localizations. Speculation regarding such significance is difficult since no information is available regarding the role of either activity in cell metabolism. Both cholinesterase and "transport ATPase" are considered to be localized in the membrane of the red blood cell where they may influence cell permeability. It is not clear whether any of the nucleoside phosphatase activities demonstrable by in situ staining techniques is a "transport ATPase," identical with or similar to that studied by biochemists (39, 34, 6, 3) . Unlike the biochemist's transport enzyme, the one(s) shown in situ rapidly hydrolyzes all nucleoside triphosphates and not infrequently, as in unmyelinated fibers, also diphosphates (2, 30, 31). Calcium ions, which inhibit the transport enzyme of biochemists, enhance staining in situ nearly as well as magnesium and manganese ions (30) . In previous experiments, we have been unable to show significant effects of either sodium and potassium ions or ouabain (30, 31) . Even drastic alterations of the incubation media recently reported to show such effects (5, 18) fail to do so in the current experiments. Possibly the lead ions of the incubation medium, or some other feature of the procedure, alter tissue or enzyme so that the enzyme acquires different properties. Yet it is equally possible that the enzyme(s?) demonstrable in situ is not a transport enzyme as generally understood today. ~ If so, there is no clue to the functional While this manuscript was in preparation, Hokin and Yoda (13) reported that transport ATPase, in a m,~mbrane preparation prepared from kidney homogenates, is irreversibly inactivated by diisopropylphosphofluoridate (DIPF) whereas nontransport ATPase activity, which can be separated from the membrane fraction by treatment with 0.6 M Na I, is unaffected by DIPF. The in situ enzyme(s) is unaffected by DIPF at concentrations that totally inhibit cholinesterase activity in the sections. The transport ATPase of Hokin and Yoda hydrolyzes GTP, CTP, and UTP at rates ranging from 6 to 0.30-/0 of the rate of ATP hydrolysis; ADP is hydrolyzed at about 15% of the rate of ATP. FIGURE 16 Nerve root of dorsal root ganglion, rat. Incubation: ATP medium, ~5°C, 11 rain. Spaces between fibers are artifacts probably arising in preparation of the frozen section. Note heavy accumulations of reaction product in umnyelinatcd fibers (U). In the myelinated fibers marked M, it is evident that reaction product has accumulated at the surfaces facing unmyelinated fibers but none is present at the surfaces facing away from unmyelinated fibers. Some reaction product is also present in the basement membrane between myelinated and unmyelinated fibers. )< 6,000. FIGURE 17 Enlargement of rectangular area of Fig. 16 . Reaction product is seen, in unmyelinated fibers, between plasma membranes of axons and Schwann cells (unlabeled) and in mesaxons (long arrows); and at the surfaces of myclinated fibers (M), including vacuoles (short arrows). )< £9,000.
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FmunE 18 Dorsal root ganglion, rat. Incubation: ATP medium, 37°C, 8 rain. Reaction product is present between plasma nmmbranes of perikaryon (P) and sheath cell (S). The node of Ranvier lacks reaction product. The arrow indicates reaction producl that, for reasons given in the text, is considered likely to be artifact rather than enzyme site. X 147000.
FIGURE 19 Enlargement of node area in Fig. 18 . Reaction product is not seen in or near node of 1Lanvier.
The following structures are labeled: A, ax(olasm; M, myelin; and M1, mitocbondria. X 30,000.
significance of these phosphatases that are part of or close to the plasma membranes of neurons. It is likely that triphosphatases rather than less specific nucleoside phosphatases are present at the perikaryon-sheath cell surfaces and in unmyelinated fibers of rabbit thoracic vagus, because triphosphates are hydrolyzed at these sites but not diphosphates. In contrast, in unmyelinated fibers of sciatic nerve and dorsal root ganglia and in perineurium cells, both diphosphates and triphosphates are hydrolyzed, and even monophosphates to a limited degree; at these sites one or more phosphatases may be present. Hydrolysis of monophosphates, but not diphosphates at the perikaryon-sheath cell surfaces in cat dorsal root ganglia suggests the presence of a monophosphatase. These and other indications of substrate specificities clearly require analysis in isolated enzyme preparations. Then it may be possible to evaluate the significance of species differences.
Another uncertainty regarding the phosphatases that we are discussing concerns their localizations in membranes. As noted on p. 528, when incubation times are short the reaction product is sometimes seen on the membranes and not in the spaces between adjacent membranes. It is, therefore, tempting to conclude that the enzymes are, in fact, situated in or on the membranes. But, as previously noted (23, 12) , until more is known about the factors influencing precipitation of lead salts (particularly at the level of electron microscopy), this conclusion must remain provisional.
The observed acetylcholinesterase localizations are of considerable interest. Unequivocal demonstration of reaction product at the axoplasmic surface of myelinated fibers is relevant to the view deduced from biochemical data by Nachmansohn (19, 20) that the enzyme is present in the cell membrane and is related to the propagation of the nerve impulse (also see Koelle, reference 17). Fukuda and Koelle (9) and Taxi (41) have reported the presence of this enzyme in the cytoplasm of ganglion neurons, and they have emphasized that the distribution of reaction product corresponds with that of Nissl substance. Our present findings, together with earlier observations of Torack and Barrnett (44) using thiolacetate as substrate in the presence of BW 62C47, indicate its localization in the endoplasmic reticulum. We have still to discover what relation, if any, exists between the enzyme in the endoplasmic reticulum and that at the axoplasmic surface. Possibly the enzyme, synthesized at the ribosomes, is transported through the endoplasmic reticulum to and down the axon. Possibly relevant in this respect is the rapid accumulation of acetylcholinesterase activity in the crushed sciatic nerve proximal to the crushed region (22) .
The question of artifact in nucleoside phosphatase preparations merits some comment. On p. 528, reasons are given for considering as diffusion artifacts the reaction product seen in myelinated fibers along the outer surfaces of the myelin and within vacuoles at the Schwann cell surfaces. We believe that the diffuse reaction product seen in the basement membranes of ganglion and nerve may also be artifact. Torack (43) has recently attributed light deposits of reaction product in "tubular profiles" (presumably endoplasmic reticulum; see 14) within the axoplasm of myelinated fibers in rat cerebrum (corpus callosum) to adenosine triphosphatase activity. The two electron micrographs illustrating these deposits are apparently from tissue incubated as blocks. In such blocks, artifacts due to limited penetration of reagents may be anticipated (reference 12; see especially p. 77 for a discussion of reaction product distributions reported in the glomerulus of kidney blocks). Furthermore, the level of reaction product is so low that experiments to rule out lead binding (see reference 14) would have been desirable. As seen above (pp. 526-527), myelinated fibers, in both dorsal root ganglia and sciatic nerve, give no evidence of hydrolyzing ATP or any of the other nucleoside phosphates, regardless of whether fixed or unfixed tissue is used and the incubation time is brief or long. We find the same result in myelinated fibers of rat cerebrum (corpus callosum) and optic nerve, studied by electron microscopy as well as light microscopy (25) .
Although artifacts can, and do, occur, they can usually be readily recognized. Although the metabolic roles of the nucleoside phosphatases remain to be established, sections incubated for their presence are convenient preparations for demonstrating a variety of structures (24) . Among the most striking are blood capillaries, perineurium cells of nerves (see reference 24 for a discussion of these cells), sheath cells of ganglia, and unmyelinated fibers. It is a simple matter to demonstrate the relative areas of unmyelinated (stained) and myelinated (unstained) areas. I n the rabbit thoracic vagus, in which most of the fibers are unmyelinated (8) , virtually the entire nerve shows activity (Fig. 14 in reference 24) , in contrast to the sciatic nerve of rat (Fig. 7) , rabbit, and frog (Figs. 16 a n d 17 in reference 24 ) in which the ratio of myelinated to unmyelinated fibers is much greater.
These observations were presented at the 1964 International Summer School of Brain Research, in Amsterdam, Netherlands; an abbreviated account is in press (24).
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Received for publication 31 FrounE ~0 Dorsal root ganglion, rat. Fixation: glutaraldehyde-cacodylate perfusion. Incubation: acetylcholine medium, 0°C, 145 mill. Reaction product is seen in unmyelinated fibers (U), sheath cell surfaces (S) (see Fig. £7 ) and perikarya. In the perikarya, arrows indicate reaction product in endoplasmic reticulum and N, in nuclear envelope (see Fig. `28) . X 470.
FIGURE `21 Dorsal root ganglion, rat. Fixation: as in Fig. 19 . Incubation: as in Fig. 19 , but with 2 X 10 -5 M 6£C47 in the medium. Activity persists in mlmyelinated fibers (U) and sheath cells (S), but is inhibited in the perikarya (N). X 510. FIGURE ~`2 Dorsal root ganglion, rat. Fixation: as in Fig. 19 . Incubation, butyryleholine medium, 0°C, 150 rain. Reaction product is present in unmyelinated fibers (U) and sheath cells (S), but not in perikarya (N). X 510. FIGURE £5 Sciatic nerve, rat. Fixation: glutaraldehyde-caeodylate, perfusion. Incubation: acetylcholine medium, 0°C, `2 hr. Reaction product is seen in unmyelinated fibers ([7) and at surface of axoplasm of myelinated fibers (arrows). X 880.
FIGEnE '26 Sciatic nerve, CF1 mouse. Fixation: 8% glutaraldehyde-cacodylate, immersion, 90 rain. Incubation: acetylcholine medium, 0°C, `2 hr. Reaction product is seen in unmyelinated fibers (U) and at surface of axoplasm of myelinated fibers (arrows).)< 1,000.
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